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covered inthe

BE
AWARE

this calculator. The user

The ussssensivity analysis s perfomed by calclatng h TEQ i various ways o esirale e
using or not using N value:

(0, 172:0L, and DL) and the.

KM method. It tfaco value
EQ. Th of the sample is
ecesea See dncusson of ND and Rt on i NDAR ascvslon wriahent
 provides ges i
necessary, il the data
The "Data entry o than 50

Sampios e Todsrod, somhescon e 4 b otecing o moreneot pasomd “moxm ) and
th oy the rocec o o th 1t nrpie . T st ot
Inserling  €Xisting Focared b 11s
more DVE’EmhIe foleate he daa s iank (ncuding o sample D in column B). Any blank rows should be
workshe

s g
5 o, e
i, ey o oy o 5 Do s e ooy e e vl 4 ek
Nt 1 okt s e Ecl G 2503 oen rmt 1) T v
Sz
om0 v 210 s, B B s ot o

iacros in the calculator o operate propery, and should not be used o save the workbook unless all data
wacessm s complete,
make some changes to worksheets, the user will need to unprotect the worksheet. Unprotecting the.
Ungeotot sheetcan e peromedusnghe HomeFFomatProleconUrgoec Shest otn.Th passward '
worksheet “dioxin’. The protect
o o s 19 ety resnatle protocion

Prior to Ther use, 56 enabled. In Excel 2007, s can be performed by
[selecting ‘Opions'on the Security Warning bar that appears below the Excel menu bars when the
kis opened, and selecting the ‘Enable this content button, then selocting the ‘OK' button. For otrer

Enable (30619
Versonsof Excol onsul Excel HELP o detarmine how tsnable macios

Macros

macros are enabled follow the steps below.
Erir e sampls nimbers n colome B o o DA ST ASSTEAT 512 et worahast Tow sare
be entered in inany
[Row Als left blank, the forany
blank sample number.
If data are not present for all congeners, the

EH

et ety i ot e o e ittt
Cotamns Hom
Fomasiiytid & Unidohioe Goumns.
T vt ; S S
e oy ars st o
. ot ey aro ot
"o, Then - 3
e e i 8 st 5 0 e 0 ot pached o
2Tt “Congner Asbretatons oot conin bl g e IUPAC s, CAS
umbers, st commo sbrevatans. Ths wrksnee may e usefl 1 alcing h anas names on
Gt report o oes it ey ok
o th ot is comiete,chock th rdrf e chaicl gan o ensuroteyareseinth corec
. T sepca b eatd a many e o ncoe
e T congener o R o 951 sl song Wi Ties 59 o Sah os AT
e ek, fneceseary. Vad o o
TS E A Mo ol e g s
+ 51D, bt o comgener was ot deectod o
. R \»d\cales the samp\e result for the congener was. rejemsd Res«hs flagged as "UJ" should be
s = U cus
e o bo used. 1 oo a soaco
o cer. ot oo o spaco s o acoapal 1 e st spvonch
asto
ToFod s o’ ono 1 T s ol o Ao o0
To et does et et o
[ ——
o cired o mondtocs (0 o Dyt o EMPG vl s 0 ctocio i Tis wierure
evec
qualifier the EMPC. Al
o0 e P Sscussan e NDER diusion oot
O e TEGS oo oo R o T v
s ciyserchray ). aihn s Row D fr o amp. 1 any s
ina bordr o whin o
Caonor) e e
Fampios it congonrs outind win 3 s, coninus i 555,
. Values shoukd ot b tre o anycl at ot e with  bordr The outined colls il
o s csepote. O clogont . 165U et e e o oot conconvaion
(TEC) in the sample. The other is a rejected result.
e e i s oo 1 Ot s ny o s
ongonr ot
ooy s
Frion
e th samo vatuefrom Row 8o b ol Row D
. Enir o possi” m oo 5. Row . for v samle
+ oeTionz
o o gt st acongoner rflo and
s onconrabons very it o he sl ueson.
i T ikl gt a1t e 1 5 st eher
e o e mac|
ot UnD 1 Vet cou UND. vso s
‘mnsewaﬁve (Lo ighot v, ot o etocid o shou 5 o an or o
henDy
2 e o thtcan . i
ineboxedcoln Fow D,
1 o atvr sa o user
s ener
oo s bordr n R €
Repeat goners i saml borde )
bosor Cdonor) v " 1 sampi o

in column BC, Row C for the sampl, enter the sample ID used for substitute (*donor") values for this
[sample. Note that this is not necessary i Option 1 above was selected, since in this case, the “donor
s comes ot samo sampl.However, b ecured i Option 2 s used

a1 the congener substitution substeps of Step 4 for all s:

5[k on e box beled Caloste TEG” (s cols RY oo T T et D

wil ntiato 8 0 the KMt congene
tmodite" wotkshestandcisplay the returned rots.

5 [irany error messages are Gsplayed 1o e user.examine colurm AN T 526 WG samples have dara
entry erors, ang correct them (see nstructions 1 thous

7T macro il automaical populata the method fr clculating o KN TEG i cour AR “Select K

TECr in e uppomostoray el As s el th mthd that provides th st K4 TEO vatoe

K The TEC
TEGH box [ the ser chooses anathor meihod for csculaing e KM TEQ n column AW ora samme e
following will and

o Here the user|

Inas the option to select"L perikighp yebin! (1., unlocked). I "Locked" s selected, the

Ceectod K0 TEG aption wi not b changed whan ihe mact s un agln This can be usetl e user
[ les at a i

“Locked"
feature

[date. Unlocking: although a biank . the "Locked" option can be
removed by deleting the cell contents with the keyboard's DELETE button.

o oo ot are pesant nc 1o sl hav s etct forthe ighest TEC, themacro wl
all samples
[ eoco ot v presentan Sl does havea non-dott o 1 hihost TEC, the macrowl
seloct aither "Section 2 Treatment 1" or "Section 2 Treatment 2" in column AM, which

d st (o
2

[example, if Section 2 Treatment 1 is macro, the y
[ aproprite and s,

f rejocted data are present, the macro will selet followed by "Treatment 1", Treatment 2",
Refocted [Treaument - of Toesument £ ool A ahchevera moss consenvate (vgnest KM TEGy T
Data  [most appropriate and justified TEQ should be selected, using the following considerations:

e ot ot 'g "R data shouid be compar decision thresh
risk k

e
Sl reanalss Snoud b consdted T avold opomed sonraion o - fogied it a5 h
laboratory to take corrective acton in the reanalysis.

o

n Is to selecta
ransparot,Gefensive argument can b provided.
Note that the result for the TEQs from Subs g NDs are counted

oo e sama s the Tt T vabe hatis epenetion Convac Labcvatnry Program (CLP) forms (HR

Iftho contributon of these "qualfied TECs to the TEQ is greater than 50 percent, the KM TEQ restit

vk o ausiie, The usifer i detsmind by e macr.an s shown b ol e spprorae
along with the fracton of the TEQ from "qualied” TECs.

Note regarding toxic e o T,

e TEFs used i th cakuaor re o the Word Hesth Organizaton (WHO) 2005 ot necsssa

the user can change the TEF values to earlier values, or updated values ifthey are available. The TEFs.

[can also be adjusted for additional sensitity analysis if desired.

To update the TEFs, the user should unprotect the workbook, change the TEF's of concern and then rerul

the macro.

[Note regarding number of Gelected congeners:

KM TEQ calculator to be

rsringu. Hiower inthe. into th

Cocdtor an oot messago wilbocaplyed 0 o s No Ki TEG calcatons il b6 condeld or

et sampl. ot caloate wil b aplayad i cok AN, s s e wil b claplayed in o AZ
detected For discussion,

g
tscusson under Tssiment of Nonteted Congorers”

Rl ol e osvancottans o sale
I courn

25z o s s s i o AO).Thefemainng prcetage s contte fom

ot [dioxin-iike PCBs.

For : usePA, cum 709 603

oaea

Mielsel, DR 2005 “Summing Nondeeo
Fith

Anime
6. Nursber )

greeed Env:
Fages 141t

high-TEF non-detected congeners or rejected data.

Incorposming Lo

Level Contami
cud Uonigpemen

D000
9477727



EPA Advanced KM TEQ Calculator

This material is reproduced from the discussion (27Sep10 version) presented in Appendix 4 of the dioxi

Appendix 4: Calculation of Total Dioxin TEQs with Nondetect
and Rejected Congeners

Helsel’s Kaplan-Meier Approach

Calculation of sums or totals for multi-constiment chemicals [e.g . total dioxin TEQs,
total PCBs_ total polvevclic aromatic hvdrocarbons (PAHS), etc ] has tvpicallv involved
simple substitution of zero, one-halfthe detection limit (DL}, or the DL for left-censored
(nondetect or less-than values) congeners. Because this practice introduces bias to
estimates used in statistical calculations, however, manv sources now strongly
recommend against the use of arbitrarv surrogate values fornondetects (Helsel 1990,
2005a, 2005b, 2009; EPA 2006 2009a, 2009b).

Helsel (2009) describes an approach for calculating totals using the KM product limit
estimator, which is based on the following relationship between the “mean™ of the toxic
eguivalence concentrations (TECs) and total TEQ for samples containing multiple
congeners:

total concentration = “mean” TEC x n  (where nis the number of congeners)

MNote that this “mean™ TEC is an intermediate value in the calculation that has no
relationship to a mean TEQ for replicate DU samples. The KM estimatoris a
nonparametric maximum likelihood estimator that has been widely used in survival and
failure analysis for more than 50 vears (Kaplan and Meier 1958 Klein and Moeschberger
2003, Mecker and Escobar 1998). The KM estimator has only recently come into use in
environmental assessment studies (Helsel 20053), and is currently a default method usedin
EPA’s ProUCL software for calculating the 95% UCL of the mean for data with one or
more censored results (EPA 20093 2009b).

Treatmenti of Nondetected Congeners

For the purposes of this dioxin reassessment UFP-QAPP template, the intermediate KM
“mean” is recommended for use in calculating total dioxin TEQs. using the general
equation presented above, in all cases where a) some fraction of the congeners are
nondetect, and b) there are at least three detected congeners. Additional guidelines for
calculating the KM intermediate “mean™ are provided below_ If all congeners are detected.
then the intermediate “mean”™ calculated bv the equation is the arithmetic average of all the
congeners’ TECs.

If onlv one ortwo congeners are detected, then there is no statistically satisfactorv method
for calculating the dioxin TEQ that adequately accounts for the uncertainty introduced by
nondetect congener results. In this case, the intermediate “mean” should be calculated as
the arithmetical average, where simple substitution is used for nondetects. A quasi-
sensitivity analvsis approach is recommended, wherein substitafion of both zero and the
DL are used to calculate lower- and upper-bound estimates for the total TEQ. Compare the



recommended Cases where onlv one or two congeners are detected are discussed above.
Lastlv, Helsel (2009) recommends that for left-censored environmental data, Efron’s bias
correction should alwavsbeused. This simply requires that the minimum result alwavs
be reated as a detected result. The manner in which Efron’s bias correctionis
incorporatedin calculations of the KM mean depends on the specific sofiware or
approachused For example, for programs that require a “flag™ to distinguish between
detected and nondetect data. one onlyvneeds to use the appropriate flag for detected data
to qualify the minimum result(s).

Three options are described below for calculation of the EM mean:

1)

2

(3)

Helsel s KM Excel spreadsheet model (available from www _practicalstats.com).
This spreadsheet has been built into a workbook designed specificallv for calculating
the TEQ from raw data congener concentration data. Raw data are entered into one
spreadsheet. which automatically calculates the toxic equivalent concentration
(TEC) for each congener. The TECs are copied and pasted into a second spreadshest
in the workbook that performs the KM calculation. This produces an intermediate
value (the EM “mean™) which is transferred back to the first spreadsheet. The
intermediate resultis then automatically multiplied bv the number of congeners to
produce the total TEQ for the sample. Detailed instructions for using the
spreadsheets are included in the Excel workbook™s spreadsheets.

Alternatively, EPA’s ProUCL software mavbe used Before estimates of the KM
intermediate “mean” TEC can be calculated, the congener concentration results (in
ppt) must be converted to congener TECs by multiplving each congener bvits TEF.
This must be done independently before the TECs are put into ProUCL for the KM
calculation. (ProUCL cannot do the TEC calculation.) The TECs are then entered
into ProUCL and the EMintermediate “mean™ is automaticallv calculated for data
sets with one or more nondetectresults. EPA (2009a, 2009b) should be consulted
for instructions for entering data into ProUCL._ since a coding procedure must be
used in ProUCL to “tell it” which congener TECs were from ND values. Note that
in order to use Efron’s bias correction, the minimum result should be coded as a
detected result. If intermediate “means™ are required for multiple samples, then each
sample needs to beidentified using a “grouping”” variable (see EPA 200%a). For
each sample, the KM intermediate “mean”™ will need to be extracted from the
ProUCL report, and manuallv multiplied bv the number of congeners to produce the
total TEQ result for that sample.

Commercial or other statistical software The KM modd is included in many
mainstream statistical software packages_as well as public domain (including the B
language) programs. Helsel (2005a) discusses an approach for “flipping™ data for
use in commercial packages, which emphasize treatment of right-censored data
Experienced users mav elect to use alternative approaches for calculation of the KM
intermediate “mean_” but must use methods emploving Efron’s bias correction, and
must demonstrate that results are comparable to the intermediate “means™ calculated
using Options (1) or (2) above.

elect to perform a quasi-sensitivity analysis by calculating TEQ without the EMPC
values. As forrejected data_significant effects from EMPC values mavrequire
corrective action to improve data quality (such as sample reanalvsis).



Therefore, for congeners that are influential (high-toxicitv, TEF close to 1, or high
concentration) in calculations of the intermediate “mean™ and total TEQ. rejected and
gqualified data mav require further evaluation by project teams. The uncertaintv of
calculating total TEQs. as can be demonstrated through sensitivity analvses. should be

addressed in the uncertaintv section of assessment documents, and taken into account in
decision making.



n reassesment UFP-QAPP User Guide.

TEQs from both approaches to assess whether thev have the same decision outcome.
Substimtion of one-halfthe DL can be used to calculate a “middle-of-the-road™ value,
although it should be acknowledged that the uncertainty of this estimate mav be
unacceptable fordedsion making.

In cases where critical decisions hinge on total TEQ estimates with mostly nondetect
results, project teams are advised to consider
* consulting personnel with expertisein statistics,
» reanalvzing existing samples (if archived samples are available and meet holding
times),
* comparing with results from nearbv similar DUs and the CSM. or
o collecting additional samples.

The stepwise KM approach for calculating the total dioxin TEQ forindividual samples is
described below:

Step 1. Calculate the TEC for each congener by multiplying the results for individual
congeners by their congener-specific TEF (van den Berg and others 2006). For
nondetect congeners, the reporting limit or DL should be multiplied bv the TEF.

Step 2. Calculate the intermediate “mean™ TEC for each sample using a KM calculator
spreadsheet. If all the congeners are detected. then calculate the intermediate
value as the arithmetic mean. If nondetects are present and at least three results
are detected, calculate the KM intermediate using one of the options described
below. If only one or two congeners are detected, use simple substitution and a
quasi-sensitivity analvsis approach, as discussed above.

Step 3. Calculate the total dioxin TEQ using: Total TEQ = intermediate “mean” TEC x
n, where n is the number of congeners in the calculation

Helsel (2009) discusses several potential contraindications for calculation of the KM
mean. The first concemns cases where only a single DL is used for all nondetect
congeners. Thisisnot expectedto occur for calculation of total dioxin TEQs, since
results for individual congers are first multiplied by congener-specific TEFs. The second
contraindication is when the maximum reported resultis a nondetect_high-toxicity (i_e_,
TEF close to 1) congener. This is problematic, as the KM method will effectively ignore
maximum results that are censored. Helsel (2009) suggests that the DL be substituted in
these cases, but thatit should be acknowledged that this represents a worst-case scenario.
Another optionis to compare the congener concentration and congener profile of the
sample with a high TEF nondetect to results from similar (per the CSM) DUs. Ifthe
congener profiles are similar, but the other DUshave a detection for the congenerin
question, substitution of a value (straight substitution. an average of several, ora
maximum ) from the other DUs mav be made.

Helsel (2009) does not discuss the minimum number of detected results required to
estimate the KM mean. but a practical minimum ofthree detected results is



Treatment of R-Qualified Congeners

One additional component for assessing the uncertaintv of estimates of the intermediate
KM “mean”™ and total TEQ, concemns treatment of rejected (R qualified) data. Ttis
possible to rejectindividual congener analvtes based on ion abundance_the signal-to-
noise ratio, relative retention time, a low laboratory control sample result. gross blank
contamination_ or other analvte-specific criteria. For non-dioxin individual chemicals
with multiple-sample sample sets (i_e_, sufficient sample-sizes to support calculations),
rejected data are always exduded from calculations in environmental assessments.
However, for calculation ofthe “mean™ (and total) for a set of congeners, thereis concem
that exclusion ofrejected data mavbias estimates low or create a need for replacement
data (resampling or reanalvsis). The magnitude (and importance) of this bias will of
course depend on the values reported for R-qualified data_ as well as the congener-
specific TEFs.

Although rejected data should not be included in final calculations of TEQ for a given
sampling or decision umnit, rejected data values (concentrations or detection limits) can be
included in KM “mean™ and total TEQ calculations early in the data evaluation process.
These TEQs can be compared to TEQs calculated with the rejected values removed. This
quasi-sensitivity approach. similar to that recommended above for nondetect values, will
assist project teams in assessing the magnitude of impacts from rejected data and the need
for replacement data (Replacement data mavrequire reanalvsis of samples at the
laboratory, with laboratory comrective actions or method refinements as needed. or the
collection of additional samples from the site). Rejected data can be further evaluated
through professional judgment. such as whether a rejected congener may be presentata
concentration that could affect the TEQ based on historical site information or data from
surrounding decision units. For example, project teams could use the KM calculator to
further assess how high the concentration of a rejected congener would have to be to
affectthe TEQ. and then compare this estimate to concentrations for this congener that
are presentin other decision units, or in comparable historical data sets.

Treatment of EMPC values and gualified data

The CLP S0W for dioxin analvsis specifies the reporting of detected congeners as
“EMPC™ values (“estimated maximum possible concentration™) when a congener peakis
present at an acceptable signal-to-noise ratio, but ion abundance criteria are not met for
definitive identification of that congener. The CLP SOW excludes these values from the
calculation of TEQ. EPA Method 82904 also specifies the reporting of EMPC values
but makes no recommendations concerning their use in TEQ calculations. EMPC values
are generally qualified as estimated concentrations (“T°) or nondetect values (“U™) during
data validation in accordance with EPA Functional Guiddines. When qualified “T™,
EMPC values can be applied along with other J-qualified congener results in TEQ
calculation and risk assessment (J-qualified data are generally applied like unqualified
data under EPA risk assessment protocols). EMPC values qualified “TI™ can be treated as
other nondetect values using the KM approach described above. Giventhat use of EMPC
values mav overestimate the TEQ and associated dioxin nisk, project teams may again
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‘Advanced KM TEQ calculator for
performing quasi-sensitivity analyses

Chemical Sort Orde
WHO 2005 TEFs

Sample I
Sample notes  (must enter on Row A)

value to use: Row B
congener TEC: Row C
donor value to use: Row D
jonor TEC: Row E

value to use: RowB
congener TEC: Row C.
donor value to use: Row D
donor TEC: Row &

value to use: Row B
congener TEC: Row C
donor value to use: Row D
donor TEC: Row E

RowD
donor TEC: Row

congener TEC: Row C
donor RowD
donor TEC: Row £

protect/unprotect sheet password
SITE DATA

KM Method
0& U=12DL U=DL&
&sum

Sample
sum | KMTEQ Qualifier  Select KM TEQ




‘Advanced KM TEQ calculator for SITE DATA
performing quasi-sensitivity analyses

Chemical Sort Order: 5 6 7 9 10 1 5 6 2 2 2 27 28 29
WHO 2005 TEFs = ) X ) X . 003 03 01 . X X X 01 000003 000003 000003 003 000003

TEQs from Substitution KM Method

& &
S f 5 & & S e Ut | o4 e uaiter

sum sum

Sample I
Sample notes  (must enter on Row A) Select KM TEQ

value to use: Row B
congener TEC: Row C.
donor value (o use: Row D
donor TEC: Row &

value to use: Row B
congener TEC: Row C.
donor value to use: Row D
donor TEC: Row £

List of TEQ results to copy and paste into

other spreadsheets, such as ProUCL.
CAUTION: double-check entries and gray cells
entries.
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Input data to the blue cells, then sortfrom hidhest to lowest
concentration. Concentrations and detection limits n Col A.
Number of detects at each concentration in Col B

Number of nondetects at each DL in Col .
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Abbreviation 1 |Abbreviation 2 IUPAC name CAS # Type
TCDD 2,3,7,8-TCDD 2,3,7,8-Tetrachlorodibenzo-p-dioxin 1746-01-6 Dioxin
PeCDD 1,2,3,7,8-PeCDD 1,2,3,7,8-Pentachlorodibenzo-p-dioxin 40321-76-4 Dioxin
1,4-HxCDD 1,2,3,4,7,8-HXCDD 1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 39227-28-6 Dioxin
1,6-HxCDD 1,2,3,6,7,8-HxCDD 1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin 57653-85-7 Dioxin
1,9-HxCDD 1,2,3,7,8,9-HxCDD 1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin 19408-74-3 Dioxin
1,4,6-HpCDD 1,2,3,4,6,7,8-HpCDD |[1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin 35822-39-4 Dioxin
OCDD 1,2,3,4,5,6,7,8-OCDD |Octachlorodibenzo-p-dioxin 3268-87-9 Dioxin
TCDF 2,3,7,8-TCDF 2,3,7,8-Tetrachlorodibenzofuran 51207-31-9 Furan
1-PeCDF 1,2,3,7,8-PeCDF 1,2,3,7,8-Pentachlorodibenzofuran 57117-41-6 Furan
4-PeCDF 2,3,4,7,8-PeCDF 2,3,4,7,8-Pentachlorodibenzofuran 57117-31-4 Furan
1,4-HxCDF 1,2,3,4,7,8-HXCDF 1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 Furan
1,6-HXCDF 1,2,3,6,7,8-HxCDF 1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 Furan
1,9-HxCDF 1,2,3,7,8,9-HxCDF 1,2,3,7,8,9-Hexachlorodibenzofuran 72918-21-9 Furan
4,6-HxCDF 2,3,4,6,7,8-HXCDF 2,3,4,6,7,8-Hexachlorodibenzofuran 60851-34-5 Furan
1,4,6-HpCDF 1,2,3,4,6,7,8-HpCDF [1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 Furan
1,4,9-HpCDF 1,2,3,4,7,8,9-HpCDF [1,2,3,4,7,8,9-Heptachlorodibenzofuran 55673-89-7 Furan
OCDF 1,2,3,4,5,6,7,8-OCDF |Octachlorodibenzofuran 39001-02-0 Furan
PCB 77 3,3,4,4-TCB 3,3',4,4'-Tetrachlorobiphenyl 32598-13-3 Dioxin-like PCB
PCB 81 3,4,4'5-TCB 3,4,4' 5-Tetrachlorobiphenyl 70362-50-4 Dioxin-like PCB
PCB 105 2,3,3',4,4'-PeCB 2,3,3',4,4'-Pentachlorobiphenyl 32598-14-4 Dioxin-like PCB
PCB 114 2,3,4,4'5-PeCB 2,3,4,4' 5-Pentachlorobiphenyl 74472-37-0 Dioxin-like PCB
PCB 118 2,3',4,4'5-PeCB 2,3',4,4' 5-Pentachlorobiphenyl 31508-00-6 Dioxin-like PCB
PCB 123 2,3',4,4'5'-PeCB 2,3',4,4' 5'-Pentachlorobiphenyl 65510-44-3 Dioxin-like PCB
PCB 126 3,3',4,4',5-PeCB 3,3',4,4' 5-Pentachlorobiphenyl 57465-28-8 Dioxin-like PCB
PCB 156 2,3,3',4,4'5-HxCB 2,3,3',4,4' 5-Hexachlorobiphenyl 38380-08-4 Dioxin-like PCB
PCB 157 2,3,3',4,4' 5'-HxCB 2,3,3',4,4' 5'-Hexachlorobiphenyl 69782-90-7 Dioxin-like PCB
PCB 167 2,3',4,4'5,5'-HxCB 2,3',4,4' 5,5'-Hexachlorobiphenyl 52663-72-6 Dioxin-like PCB
PCB 169 3,3',4,4'5,5-HxCB 3,3',4,4',5,5'-Hexachlorobiphenyl 32774-16-6 Dioxin-like PCB
PCB 189 2,3,3,4,455-HpCB |2,3,3',4,4',5,5'-Heptachlorobiphenyl 39635-31-9 Dioxin-like PCB




|Acronym List

A Data qualifier used to indicate an estimated result.
CAS Chemical abstracts service

CLP Contract Laboratory Program

CSM Conceptual site model

Ccv Coefficient of variation

DL Detection limit

DU Decision unit

E Data qualifier used to indicate an estimated result.
EMPC Estimated maximum (protocol) concentration
EPA U.S. Environmental Protection Agency

HpCDD  Heptachlorodibenzo(p)dioxin
HpCDF  Heptachlorodibenzofuran
HxCDD  Hexachlorodibenzo(p)dioxin
HxCDF Hexachlorodibenzofuran

ICS Incremental composite sample

ISM Incremental sampling methodology

ITRC Interstate Technology and Regulatory Council

J Data qualifier used to indicate an estimated result.
KM Kaplan-Meier

ND Nondetect

OCDD Octachlorodibenzo(p)dioxin
OCDF Octachlorodibenzofuran
PCB Polychlorinated biphenyl
PeCDD  Pentachlorodibenzo(p)dioxin
PeCDF Pentachlorodibenzofuran

QC Quiality control

R Data qualifier used to indicate a rejected result.
RSD Relative standard deviation

SD Standard deviation

SOW Scope of work
TCDD Tetrachlorodibenzo(p)dioxin

TCDF Tetrachlorodibenzofuran

TEC Toxic equivalent concentration

TEF Toxic equivalence factor

TEQ Toxic equivalents

] Data qualifier used to indicate a nondetected result.
UCL Upper confidence limit

WHO World Health Organization
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